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1 Summary

1.1 Preliminary remark

The collector test was performed with the purpose of the European quality
label SolarKeymark. All relevant tests have been passed with success.

The present report is valid for the collector series TS 58 PA of the company
Tec-solar Energy Industry Co Ltd. with the collectors TS 10-58 PA ,
TS 12-58-PA, TS 15-58-PA, TS 16-58-PA, TS 18-58-PA, TS 20-58-PA,
TS 22-58-PA, TS 24-58-PA, TS 28-58-PA, TS 30-58-PA. The tests were
performed at the largest collector and at the smallest collector of the series,
according to the rules of the SolarKeymark (Version 8.00 of January 2003).
The tests were performed concidering all requirements of the standard EN
12975-1,2 : 2000 (valid version at the time of the tests) and EN 12975-1,2 :
2006 (new/present version).

1.2 Collector efficiency parameters determined

Results:
The calculated parameters are based on following areas:

aperture area of 0.934 m2: absorber area of 0.806 m2:
η0a = 0.659 η0A = 0.764
a1a = 1.442 W/m2K a1A = 1.671 W/m2K
a2a = 0.0128 W/m2K2 a2A = 0.0148 W/m2K2

1.3 Incidence angle modifier - IAM

θ: 0◦ 10◦ 20◦ 30◦ 40◦ 50◦ 60◦ 70◦ 80◦ 90◦

KθT : 1.00 1.04 1.12 1.22 1.35 1.43 1.44 1.27 0.97 0.00
KθL: 1.00 1.00 1.00 1.00 0.99 0.96 0.90 0.78 0.52 0.00

Table 1: Measured (bold) and calculated IAM data for TS 58 PA series
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1.4 Effective thermal capacity of the collector

Effective thermal capacity (TS 10-58 PA ):

14.00 kJ/K

The effective thermal capacity per square meter is (valid for the series):

14.56 kJ/K m2

1.5 Schedule of tests and callculations

Test Date Result

Date of delivery: May 30th 2007

1st internal pressure June 14th passed

High temperature resistance July 14th passed

Exposure 1st June 2007 -
23rd June 2007 passed

1st external thermal shock September 12th passed

2nd external thermal shock September 21st passed

1st internal thermal shock June 13th passed

2nd internal thermal shock June 19th passed

Rain penetration September 10th passed

Freeze resistance not relevant

Mechanical load passed

Stagnation temperature 203.7 ◦C

Final inspection passed

Determination of June -
collector parameters July 2007 passed

Determination of IAM see above passed

Effective thermal capacity performed

1.6 Summary statement

No problems or distinctive observations occured during the measurements.
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2 Test Center

Test Center for Thermal Solar Systems of Fraunhofer ISE
Heidenhofstraße 2, D-79110 Freiburg
Tel.: +49-761-4588-5139 or -5141; Fax.: +49-761-4588-9139
E-mail: korbinian.kramer@ise.fraunhofer.de; rommel@ise.fraunhofer.de
Internet: http://www.kollektortest.de

3 Orderer, Expeller, Manufacturer

Orderer: Tec-solar Energy Industry Co Ltd.
Ms.Lihua Yin
No.120 Changxin Road
Changzhou, Jiangsu
China
Tel: 0086 519 676 6880
Fax: 0086 519 675 7600

Expeller and Manufacturer: see orderer

4 Overview of TS 58 PA series collectors

According to the SolarKeymark rules there is a agreement concerning collectors
wich differ only in size, so called series. Only the biggest and the smallest
collector have to be tested in this case. A complete collector test according to EN
12975-1,2 has to be performed at the biggest collector. The efficiency test only is
sufficient at the smallest collector. The SolarKeymark label based on this tests is
valid for the whole series.

(MS) = Manufacturer Specification

Brand name test collector number of tubes length of tubes
TS 10-58 PA yes 10 (MS) 1800 mm (MS)
TS 12-58-PA no 12 (MS) 1800 mm (MS)
TS 15-58-PA no 15 (MS) 1800 mm (MS)
TS 16-58-PA no 16 (MS) 1800 mm (MS)
TS 18-58-PA no 18 (MS) 1800 mm (MS)
TS 20-58-PA no 20 (MS) 1800 mm (MS)
TS 22-58-PA no 22 (MS) 1800 mm (MS)
TS 24-58-PA no 24 (MS) 1800 mm (MS)
TS 28-58-PA no 28 (MS) 1800 mm (MS)
TS 30-58 PA yes 30 (MS) 1800 mm (MS)
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5 Description of the components

5.1 Collector

5.2 Specific data of the largest collector of the series (TS 30-58 PA )

Brand name: TS 30-58 PA
hline Serial no.: not specified
Year of production: 2007
Number of test collectors: 1
Collector reference no.: 222 KT 63 004 052007(efficiency tests)
Total area: 2.00 m * 2.55 m = 5.10 m2

Collector depth: 0.15 m
Aperture area: 1.712 m x 0.0545 m x 30 tubes

= 2.799 m2

Absorber area: 1.712 m x 0.047 m x 30 tubes
= 2.414 m2 (projected area of the absorber
tubes) (MS)

Number of tubes: 30
Length of the tubes: 1800 mm (MS)
Volume of the fluid: 1.77 l (MS)

5.3 Specific data of the smallest collector of the series (TS 10-58 PA )

Brand name: TS 10-58 PA
Serial no.: not specified
Year of production: 2007
Number of test collectors: 1
Collector reference no.(ISE): 222 KT 63 005 052007
Total area: 2.00 * 0.95 = 1.90 m2

Collector depth: 0.15 m
Aperture area: 1.712 m x 0.0545 m x 10 tubes

= 0.934 m2

Absorber area: 1.712 m x 0.047 m x 10 tubess
= m2 (projected area of the absorber tubes)
(MS)

Number of tubes: 10
Length of the tubes: 1800 mm (MS)
Volume of the fluid: 0.56 l (MS)
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(MS) = Manufacturer Specification
Type: vacuum tube collector with heat pipe

conception
Material of the cover: aluminium (MS)
Material of the cover tube: borosilcat glass (MS)
Transmission of the cover tube: ≥ 86% (MS)
Outer diameter of the cover tube: 58 mm (MS)
Thickness of the cover tube: 1,5 mm (MS)
Outer diameter of the inner tube 47 mm (MS)
Thickness of the inner tube: 1,5 mm (MS)
Length of the tubes: 1,8 m (MS)
Distance from tube to tube: 80 mm (MS)
Heat transfer fluid: water/glycol, 1/1 (MS)

5.4 Absorber

Material of the absorber: Glass (MS)
Kind/Brand of selective coating: Graded Al/N/Al on glass (MS)
Absorptivity coefficient α: 92 % (MS)
Emissivity coefficient ε: 8 % (MS)
Material of the absorber pipes: copper without oxygen(MS)
Layout of the absorber pipes: Heat pipe (MS)
Outer diameter: 8 mm (MS)
Inner diameter: 6.5 mm (MS)
Distance between the pipes: 80 mm (MS)
Material of the header pipe: copper without oxygen(MS)
Outer diameter of the header pipe: 22 mm (MS)
Inner diameter of the header pipe: 20 mm (MS)
Function of the absorber: segmented Contact sheets to the inner

glass tube, conected to the heat pipe
(MS)

Material of the contact sheets: aluminium (MS)
Thickness of the contact sheets: 0.2 mm (MS)

5.5 Insulation and Casing

Medium between the inner and outer
tubes of the vacuum flask:

5 ∗ 10−2 Pa (MS)

Thickness of the insulation in the
header:

60 mm (MS)

Material of the insulation in the header: rock wool (MS)
Material of the casing: aluminium (MS)
Sealing material: silicon (MS)
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5.6 Limitations

Maximum fluid pressure: 600kPa (MS)
Operating fluid pressure: 600 kPa (MS)
Maximum service temperature: 125 ◦C
Maximum stagnation temperature: 204◦C
Maximum wind load: 108 km/h
Recommended tilt angle: 20 ◦- 90 ◦

Flow range recommendation: 66 l/m2h (MS)

5.7 Kind of mounting

Flat roof - mounted on the roof: yes (MS)
Tilted roof - mounted on the roof: yes (MS)
Tilted roof - integrated: no (MS)
Free mounting: not specified (MS)
Fassade: not specified (MS)
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5.8 Picture of the collector

Figure 1: Picture of the collector TS 10-58 PA mounted on the test facility
of Fraunhofer ISE
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6 Collector efficiency parameters

6.1 Test method

Outdoor, steady state according to EN 12975-2:2006 (tracker)
Thermal solar systems and components-solar collectors,Part 2: Test
methods

6.2 Description of the calculation

The functional dependence of the collector efficiency on the meteorological
and system operation values can be represented by the following
mathematical equation:

η(G,(tm−ta)) = η0 − a1a
tm − ta

G
− a2a

(tm − ta)
2

G
(1)

(based on aperture area)

tm = te+tin
2

where: G = global irradiance on the collector area (W/m2)
tin = collector inlet temperature (◦C)
te = collector outlet temperture (◦C)
ta = ambient temperature (◦C)

The coefficients η0, a1a and a2a have the following meaning:

η0: Efficiency without heat losses, which means that the mean collector
fluid temperature is equal to the ambient temperature:

tm = ta

The coefficients a1a and a2a describe the heat loss of the collector. The
temperature depedency of the collector heat loss is described by:

a1a + a2a ∗ (tm − ta)

KTB Nr. 2007-30-en: Collector test according to EN 12975-1,2:2006
Tec-solar Energy Industry Co Ltd. , TS 58 PA series
25th October 2007, Fraunhofer-ISE, Heidenhofstraße 2, D-79110 Freiburg

Page 12 of 30



6.3 Efficiency parameters

Boundary conditions:

Test method: outdoor, steady state
Latitude: 48.0◦

Longitude: 7.8◦

Collector tilt: tracked between 35 ◦and 55 ◦

Collector azimuth: tracked
Mean irradiation : 1005 W/m2

Mean wind speed: 3 m/s
Mean flow rate: 75 kg/h
Kind of fluid: water
date of the Measurement July 2007

Results:
The calculated parameters are based on following areas1:

aperture area of 0.934 m2: absorber area of 0.806 m2:
η0a = 0.659 η0A = 0.764
a1a = 1.442 W/m2K a1A = 1.671 W/m2K
a2a = 0.0128 W/m2K2 a2A = 0.0148 W/m2K2

The determination for the standard deviation (k=2) was performed
according ENV 13025 (GUM). Based on this calculation the uncertainty is
less than 2%-points of the efficiency values over the complete measured
temperature range ( η0a = 0.659 +/- 0.02). Based on our experience with
the test facilities the uncertainty is much smaller and in a range of +/-
1%-point . The standard deviation of the heat loss parameters resulting
from the regression fit curve through the measurement points is:
a1a = 1.442 +/- 0.2797 and a2a = 0.0128 +/- 0.0039 .

For more detailed data and the calculated efficiency curve please see
annex B.

1absorber area - projected area of the absorber tubes, calculated according EN 12975-2,
aperture area - calculated according EN 12975-2
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6.4 Power output per collector unit

The power output per collector unit will be documented for the largest
collector of the series TS 30-58 PA with the highest output per collector unit
and for the smallest collector of the series with the lowest output per
collector unit.
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Figure 2: Power output for collector TS 30-58 PA based on 1000 W/m2

Power output per collector unit [W] for collector TS 30-58 PA
(aperture area of 2.799 m2):

tm − ta [K] 400 [W/m2] 700 [W/m2] 1000 [W/m2]

10 715 1290 1865

30 595 1170 1745

50 455 1030 1605
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Figure 3: Power output for collector TS 10-58 PA based on 1000 W/m2

Power output per collector unit [W] for collector TS 10-58 PA
(aperture area of 0.934 m2):

tm − ta [K] 400 [W/m2] 700 [W/m2] 1000 [W/m2]

10 232 416 601

30 195 380 564

50 149 334 518
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7 Incidence angle modifier IAM

The IAM (= Incidence Angle Modifier) is a correction factor representing
how the angle of incident radiation affects the performance of a collector.
For collectors which have a direction-depending IAM behaviour (for
example vacuum tube collectors and collectors with CPC reflectors), it is
necessary to meassure the IAM for more than one direction, to have a
proper determination of the IAM.

The complex IAM can be estimated by calculating it as the product of both
separately meassured incidence angle modifiers KθL and KθT of two
orthogonal planes (equation 2).

Kθ = KθLxKθT (2)

The longitudinal plane (index L) is orientated parallelly to the optical axsis
of the collector. The transversal plane is orientated orthogonally to the
optical axsis of the collector. The angles θT and θL are the projection of
the incidance angle of the radiation on the transversal or longitudinal plane.

Test method: outdoor, steady state
longitudinal: steady state
Latitude: 48.0◦

Longitude: 7.8◦

Collector tilt: tracked
Collector azimuth: tracked

θ: 0◦ 10◦ 20◦ 30◦ 40◦ 50◦ 60◦ 70◦ 80◦ 90◦

KθT : 1.00 1.04 1.12 1.22 1.35 1.43 1.44 1.27 0.97 0.00
KθL: 1.00 1.00 1.00 1.00 0.99 0.96 0.90 0.78 0.52 0.00

Table 2: Measured (bold) and calculated IAM data for TS 58 PA series

The IAM longitudinal was not measured, because of a to low angle for the
heat pipe function. So for one angle (θ = 50◦) a value was estimated. All
other angles for the IAM in table 2 were calculated according to Ambrosetti
1(equation 3).

1P.Ambrosetti. Das neue Bruttowärmeertragsmodell für verglaste Sonnenkollektoren, Teil
1 Grundlagen. EIR, Wurenlingen 1983
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Kθ = 1− [tan
θ

2
]
1
r (3)

8 Effective thermal capacity of the collector

The effective thermal capacity of the collector is calculated according to
section 6.1.6.2 of EN 12975-2:2006. For the heat transfer fluid a mixture
2/1 of water/propylenglycol at a temperature of 50◦C has been chosen.

Effective thermal capacity (TS 58 PA series ):

14.00 kJ/K

The effective thermal capacity per square meter is (valid for the series):

14.56 kJ/K m2

9 Internal pressure test

Maximum pressure: 600kPa (MS)

Test temperature: 23,0 ◦C

Test pressure: 900 kPa (1.5 times the maximum pressure)

Test duration: 15 min

Result:
During and after the test no leakage, swelling or distortion was observed or
measured.
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10 High temperature resistance test

Method: Outdoor testing

Collector tilt angle: 45◦

Average irradiance during test: 971,6 W/m2

Average surrounding air temperature: 30,6 ◦C

Average surrounding air speed: < 0.5 m/s

Average absorber temperature: 193,1 ◦C

Duration of test: 1 h

Result:
No degradation, distortion, shrinkage or outgassing was observed or
measured at the collector.

11 Exposure test

The collector tilt angle was 45◦ facing south. Annex D shows all test days
of the exposure test.

Result:
The number of days when the daily global irradiance was more than
14 MJ/m2d was 37. The periods when the global irradiance G was higher
than 850 W/m2 and the surrounding air temperature ta was higher than
10 ◦C was 80h.

The evaluation of the exposure test is described in the chapter 18 "Final
inspection".
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12 External thermal shock tests
Test conditions 1st test 2nd test

Outdoors: yes yes
Combined with exposure test: yes yes
Combined with high temperatur resistance test: no no
Collector tilt angle: 45◦ 45◦

Average irradiance: 971,3 W/m2 931,9 W/m2

Average surrounding air temperature: 18,6 ◦C 18,0 ◦C
Period during which the required
operating conditions were maintained
prior to external thermal shock: 1 h 1 h
Flowrate of water spray: 0.05 l/m2 s 0.05 l/m2 s
Temperature of water spray: 15,6 ◦C 16,1 ◦C
Duration of water spray: 15 min 15 min
Absorber temperature immediately
prior to water spray: ◦C ◦C

Result:
No cracking, distortion, condensation or water penetration was observed or
measured at the collector.

13 Internal thermal shock tests
Test conditions 1st test 2nd test

Outdoors: yes yes
Combined with exposure test: yes yes
Combined with high temperature resistance test: no no
Collector tilt angle: 45◦ 45◦

Average irradiance: 921,5 W/m2 943,4 W/m2

Average surrounding air temperature: 25,7 ◦C 28,5 ◦C
Period during which the required
operating conditions were maintained
prior to internal thermal shock: 1 h 1 h
Flowrate of heat transfer fluid: 0.02 l/m2 s 0.02 l/m2 s
Temperature of heat transfer fluid: 19,5 ◦C 17,5 ◦C
Duration of heat transfer fluid flow: 5 min 5 min
Absorber temperature immediately
prior to heat transfer fluid flow: ◦C ◦C

No cracking, distortion or condensation was observed or measured at the
collector.
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14 Rain penetration test

Collector mounted on: Open frame
Method to keep the absorber warm: Exposure of collector to solar radiation
Flowrate of water spray: 0.05 l/m2 s
Duration of water spray: 4 h

Result:
No water penetration was observed or measured at the collector.

15 Freeze resistance test

The freeze resistance test is not relevant, because the manufacturer
suggestst a application of the collector only with a freeze resistance fluid.

16 Mechanical load test

The mechanical load test is not reasonable for this collector because of the
vacuum tube type.

17 Stagnation temperature

The stagnation temperature was measured outdoors. The measured data
are shown in the table below. To determine the stagnation temperature,
these data were extrapolated to an irradiance of 1000 W/m2 and an
ambient temperatur of 30 ◦C. The calculation is as follows:

ts = tas +
Gs

Gm
∗ (tsm − tam) (4)

ts: Stagnation temperature
tas: 30 ◦C
Gs: 1000 W/m2

Gm: Solar irradiance on collector plane
tsm: Absorber temperature
tam: Surrounding air temperature

KTB Nr. 2007-30-en: Collector test according to EN 12975-1,2:2006
Tec-solar Energy Industry Co Ltd. , TS 58 PA series
25th October 2007, Fraunhofer-ISE, Heidenhofstraße 2, D-79110 Freiburg

Page 20 of 30



Measurement Irradiance Surrounding air Absorber
temperature temperature

[W/m2] [◦C] [◦C]

1 954 26.4 191.9

2 956 26.7 191.9

3 949 27.1 192.1

4 937 27.2 192.4

5 926 27.3 192.7

6 952 31 193.5

7 943 31.3 193.9

8 922 31.6 194.4

9 949 32.6 194.0

10 938 32.9 194.8

11 921 33.4 195.5

The resulting stagnation temperature is:

204◦C

18 Final inspection

The following table shows an overview of the result of the final inspection.

Collector component Potential problem Evaluation

Collector box/ fasteners Cracking/ wraping/ corrosion/
rain penetration

0

Mountings/ structure Strength/ safety 0
Seals/ gaskets Cracking/ adhesion/ elasticity 0
Cover/ reflector Cracking/ crazing/ buckling/ de-

lamination/ wraping/ outgassing
0

Absorber coating Cracking/ crazing/ blistering 0
Absorber tubes and headers Deformation/ corrosion/ leak-

age/ loss of bonding
0

Absorber mountings Deformation/ corrosion 0
Insulation Water retention/ outgassing/

degradation
0
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0: No problem
1: Minor problem
2: Severe problem
x: Inspection to establish the condition was not possible

19 Collector identification

The documentation according EN 12975-1 chapter 7 was incomplete in the
following items:

◦ Drawings and data sheet (not on hand)

◦ Labeling of the collector (on hand)

◦ Installer instruction manual (not on hand)

◦ List of used materials (on hand)
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20 Summary statement

The measurements were carried out from July 2007until September 2007 .

No problems or distinctive observations occured during the measurements.

21 Annotation to the test report

The results described in this test report refer only to the test collector. It is
not allowed to make extract copies of this test report.

Test report: KTB Nr. 2007-30-en

Freiburg, 25th October 2007
Fraunhofer-Institute for Solar Energy Systems ISE

Dipl.-Phys. M. Rommel Dipl.-Ing. (FH) K. Kramer
Head of the Test Center for Responsible for testing
Thermal Solar Systems and report
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A Drawing of absorber layout

Figure 4: Drawing of absorber layout TS 58 PA series
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B Efficiency curve

B.1 Efficiency curve with measurement points based on aperture area 0.934 m2
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Figure 5: Efficiency curve with measurement points based on aperture area 0.934 m2

Results:
The calculated parameters are based on following areas:
aperture area of 0.934 m2: absorber area of 0.806 m2:
η0a = 0.659 η0A = 0.764
a1a = 1.442 W/m2K a1A = 1.671 W/m2K
a2a = 0.0128 W/m2K2 a2A = 0.0148 W/m2K2
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B.2 Efficiency curve for the determined coefficients and for an assumed irradiation
of 800 W/m2 based on aperture area
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Figure 6: Efficiency curve scaled to 800 W/m2 based on aperture area 0.934 m2

The calculated parameters are based on following areas:

aperture area: absorber area:
η0.05a = 0.561 η0.05A = 0.650

η0.05 is the efficiency of the collector for typical conditions of solar domestic
hot water systems:
irradiation of 800 W/m2,
ambient temperature of 20 ◦C
mean collector temperture of 60 ◦C.
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B.3 Measured data for efficiency curve

G Gd/G m tin te te − tin tm ta tm − ta (tm − ta)/G ηa

[W/m2] [-] [kg/h] [◦C] [◦C] [K] [◦C] [◦C] [K] [K m2/W] [-]

1013 0.11 80.2 21.01 27.67 6.66 24.34 20.96 3.38 0.0033 0.655

1032 0.12 80.2 21.22 27.82 6.60 24.52 22.74 1.78 0.0017 0.638

1031 0.11 80.1 21.26 28.01 6.75 24.63 22.93 1.70 0.0016 0.652

1043 0.12 80.2 21.26 28.08 6.82 24.67 22.94 1.74 0.0017 0.653

1049 0.12 80.2 21.27 28.19 6.92 24.73 23.10 1.63 0.0016 0.658

1047 0.12 80.2 21.29 28.25 6.97 24.77 23.34 1.43 0.0014 0.664

1048 0.12 80.2 21.31 28.30 6.99 24.81 23.52 1.28 0.0012 0.665

1035 0.10 83.7 61.80 67.37 5.57 64.58 24.25 40.33 0.0390 0.561

1025 0.10 83.7 61.84 67.53 5.69 64.68 24.64 40.04 0.0391 0.578

1026 0.10 83.6 61.83 67.59 5.76 64.71 24.38 40.33 0.0393 0.584

1025 0.11 83.7 61.83 67.60 5.78 64.71 24.27 40.45 0.0395 0.587

954 0.08 68.1 87.82 93.41 5.60 90.61 22.99 67.63 0.0709 0.499

961 0.08 68.1 87.84 93.47 5.64 90.66 23.50 67.15 0.0699 0.499

965 0.08 68.0 87.92 93.59 5.67 90.75 23.77 66.98 0.0694 0.500

970 0.08 68.1 87.94 93.65 5.71 90.79 24.12 66.67 0.0687 0.501

971 0.08 68.1 88.01 93.74 5.74 90.87 24.20 66.67 0.0686 0.503

985 0.09 69.6 39.44 46.79 7.35 43.11 26.29 16.83 0.0171 0.645

985 0.09 69.7 39.45 46.73 7.28 43.09 26.38 16.71 0.0170 0.640

991 0.08 69.7 39.43 46.69 7.26 43.06 26.40 16.67 0.0168 0.634

992 0.08 69.7 39.45 46.70 7.26 43.07 26.74 16.33 0.0165 0.634

993 0.08 69.6 39.47 46.73 7.26 43.10 26.78 16.32 0.0164 0.632

994 0.08 69.7 39.48 46.74 7.26 43.11 27.28 15.83 0.0159 0.632

992 0.08 69.9 39.54 46.77 7.23 43.15 28.07 15.08 0.0152 0.633

993 0.08 69.8 39.58 46.82 7.24 43.20 27.97 15.23 0.0153 0.633

Table 3: Data of measured efficiency points
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C Measured data for IAM determination
Table 4 shows the determined efficiency points for the incidence angle modifier
IAM. For the calculation of the IAM, the efficiency value (last column) was
extrapolated to (tm − ta)/G = 0. To accomplish this, the heat loss values of the
collector a1a = 1.442 W/m2K and a2a = 0.0128 W/m2K2 were used. The incidnet
irradiation came from east and west.

G Gd/G m tin te te − tin tm ta tm − ta (tm − ta)/G ηa

[W/m2] [-] [kg/h] [◦C] [◦C] [K] [◦C] [◦C] [K] [Km2/W] [-]

60◦East transv.

413 0.18 79.3 16.12 20.02 3.90 18.07 18.05 0.02 0.0001 0.933

428 0.18 79.2 16.16 20.27 4.11 18.21 18.24 -0.02 -0.0001 0.946

40◦East transv.

680 0.18 78.2 16.61 22.63 6.02 19.62 22.03 -2.42 -0.0036 0.861

683 0.19 78.2 16.68 22.81 6.13 19.74 22.75 -3.01 -0.0044 0.874

683 0.19 78.1 16.71 22.89 6.18 19.80 23.11 -3.31 -0.0048 0.880

472 0.14 79.1 21.76 26.27 4.51 24.01 28.31 -4.30 -0.0091 0.942

20◦East transv.

818 0.12 79.1 21.94 28.16 6.22 25.05 28.88 -3.83 -0.0047 0.747

804 0.12 79.1 21.93 28.06 6.13 24.99 28.67 -3.68 -0.0046 0.750

789 0.12 79.1 21.93 27.98 6.05 24.95 28.74 -3.78 -0.0048 0.754

770 0.12 79.1 21.91 27.83 5.92 24.87 28.82 -3.95 -0.0051 0.756

743 0.12 79.1 21.88 27.67 5.80 24.77 28.53 -3.75 -0.0050 0.767

700 0.13 79.1 21.85 27.41 5.56 24.63 28.46 -3.83 -0.0055 0.781

850 0.11 79.2 16.27 22.29 6.02 19.28 19.10 0.18 0.0002 0.698

860 0.11 79.1 16.30 22.47 6.17 19.39 19.78 -0.39 -0.0005 0.707

869 0.12 79.2 16.34 22.62 6.28 19.48 19.78 -0.30 -0.0003 0.712

20◦West transv.

818 0.12 79.1 21.94 28.16 6.22 25.05 28.88 -3.83 -0.0047 0.747

804 0.12 79.1 21.93 28.06 6.13 24.99 28.67 -3.68 -0.0046 0.750

789 0.12 79.1 21.93 27.98 6.05 24.95 28.74 -3.78 -0.0048 0.754

770 0.12 79.1 21.91 27.83 5.92 24.87 28.82 -3.95 -0.0051 0.756

743 0.12 79.1 21.88 27.67 5.80 24.77 28.53 -3.75 -0.0050 0.767

700 0.13 79.1 21.85 27.41 5.56 24.63 28.46 -3.83 -0.0055 0.781

40◦West transsv.

750 0.17 81.7 26.24 32.71 6.48 29.47 25.58 3.89 0.0052 0.877

737 0.18 81.7 26.23 32.58 6.35 29.40 25.58 3.82 0.0052 0.875

718 0.13 69.5 26.51 33.70 7.19 30.10 28.94 1.16 0.0016 0.866

707 0.14 69.5 26.51 33.60 7.09 30.06 28.80 1.26 0.0018 0.867

696 0.14 69.4 26.49 33.52 7.03 30.00 28.92 1.08 0.0016 0.871

672 0.15 69.4 26.48 33.34 6.86 29.91 28.83 1.08 0.0016 0.881

Table 4: Data of measured efficiency points for IAM
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D Data of the exposure test

H: daily global irradiation
valid period: periods when the global irradiance G is higher than 850 W/m2

and the surrounding air temperature ta is higher than 10 ◦C
ta: surrounding air temperature
rain: daily rain [mm]

Date H valid period ta rain

[MJ/m2] [h] [◦C] [mm]

20070601 6.6 0.0 13.0 0

20070602 9.5 0.4 15.0 0

20070603 19.2 1.8 17.5 0

20070604 17.7 1.9 19.5 25

20070605 14.3 0.7 19.0 0

20070606 18.1 0.6 20.5 4

20070607 19.1 1.6 21.6 0

20070608 23.3 2.9 22.1 4

20070609 16.5 0.5 22.2 0

20070610 23.5 2.6 22.9 0

20070611 20.9 3.2 20.4 10

20070612 18.6 1.5 21.0 1

20070613 25.9 2.9 22.5 11

20070614 21.4 1.6 23.7 0

20070615 5.1 0.0 17.4 7

20070616 25.5 3.5 19.3 0

20070617 24.5 3.1 21.3 0

20070618 23.3 2.7 22.8 27

20070619 26.7 3.5 24.8 0

20070620 23.6 2.5 24.1 3

20070621 9.5 0.2 18.9 2

20070622 18.9 3.3 17.3 0

20070623 14.4 0.8 17.2 0

20070624 25.1 2.9 21.4 0

20070625 6.7 0.1 18.8 15

20070626 6.2 0.1 14.2 13.5

20070627 10.2 0.4 13.3 11

20070628 15.2 0.6 15.3 7

20070629 19.4 1.6 17.6 0

20070630 23.8 2.2 20

20070701 17.9 0.6 21.4

20070702 12.9 1.4 17.7 5

20070703 7.6 0 16 2.25

20070704 14.4 1.3 13.9 19

20070705 6.3 0 14 3

20070706 15.1 0.6 17.7 2
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Date H valid period ta rain

[MJ/m2] [h] [◦C] [mm]

20070707 17 0.7 19.5 0.5

20070708 11.6 0.1 19.2

20070709 10.5 1.1 16.8 3

20070710 14.7 0.7 13.3 19

20070711 11.1 0.2 14.4 1.5

20070712 17.6 1.6 17.6 8

20070713 26.5 3.4 23.2 0

20070714 26.7 3.7 26 -

20070715 26.5 3.4 28 -

20070716 26 3.3 28 0

20070717 keine Daten!!!

20070718 18 1.3 22.3 16

20070719 16.5 1.4 21.5 0

20070720 19.9 1.5 22.4 3

20070721 4.2 0 17.9 -

20070722 25.6 3.5 19.7 -

20070723 12.7 0.8 18.1 4
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